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COPPER TROLLEY WIRE AND A METHOD 
OF MANUFACTURING COPPER TROLLEY 

WIRE 

FIELD OF THE INVENTION 

This invention relates to the ?eld of copper trolley Wire, 
also knoWn as the contact Wire in overhead catenary rail 
systems. The invention relates to a copper trolley Wire 
having improved mechanical properties and to a method of 
manufacturing the copper trolley Wire With improved 
mechanical properties. 

BACKGROUND OF THE INVENTION 

Copper trolley Wire has been in commercial use for a long 
time. There is a standard set forth by the American Society 
for Testing and Materials (ASTM), as ASTM B47-95a, 
Which is titled the Standard Speci?cation for Copper Trolley 
Wire. It is Well knoWn and straight forWard for those of skill 
in this art to make copper trolley Wire in accord With this 
ASTM standard. 

This ASTM standard lists the minimum acceptable 
mechanical properties for copper trolley Wire at various Wire 
siZes. For example, grooved Wire of a copper and silver alloy 
having a nominal area of 300,000 circular mils(cmils) is 
required by the ASTM standard to have a minimum tensile 
strength of 48,000 pounds per square inch (psi). 

Typical methods for manufacturing copper trolley Wire 
that meets the ASTM standard include methods such as 
continuous casting, rolling, and/or draWing (e.g., area 
reduction) and combinations thereof. Such methods are 
disclosed, for example, in AvitZur, Handbook of Metal 
Forming Processes (John Wiley & Sons 1983). These 
knoWn methods are sometimes referred to as cold Working 
and in some instances utiliZe an annealing step. Another 
knoWn method for producing copper trolley Wire meeting 
the minimum ASTM standards is to begin With a large Wire 
bar, and draWing and/or rolling the Wire bar to the desired 
dimension. 

HoWever, copper trolley Wire manufactured in the typical 
Way is limiting to the design of rail systems using such Wire. 
For example, in a rail system using copper trolley Wire, 
substations for electrical poWer must be placed at certain 
distances apart from each other. If it is desired to reduce the 
number of substations, copper trolley Wire made to comply 
With the ASTM standard is inadequate because it lacks the 
desired tensile strength. Also for example, the advent of high 
speed rail and the desire to reduce costs have exposed 
practical limitations in copper trolley Wire that has the 
mechanical properties listed in the ASTM standard. 

Therefore, it has become desirable to have a copper 
trolley Wire that has improved mechanical properties. It is 
also desirable to obtain such improved mechanical proper 
ties in copper trolley Wire using a commercially acceptable 
manufacturing process, namely a process that is not cost 
prohibitive. Speci?cally, the need is to develop a trolley Wire 
that can provide rail design options not currently available 
and that can Withstand the rigors of high speed rail transit, 
While still providing suf?cient transfer of electricity. 

Therefore, it is an object of this invention to provide a 
copper trolley Wire With improved mechanical properties. 
More speci?cally, it is an object of this invention to provide 
a copper trolley Wire With tensile strength Well exceeding the 
minimum listed in the ASTM standard. 

It is also an object of this invention to provide a method 
of making copper trolley Wire With improved mechanical 
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2 
properties. Further, it is an object of this invention to provide 
a method of making copper trolley Wire in a commercially 
feasible manner. 

SUMMARY OF THE INVENTION 

These objects are met by the invention described herein 
by providing a high conductivity copper or copper alloy 
trolley Wire used as an electrical contact With improved 
tensile strength. The increased tensile strength signi?cantly 
exceeds industry standards and the ASTM standard alloWing 
improved design and loWer cost With regard to tensile 
loading on the Wire. Typically, the copper trolley Wire of this 
invention has a tensile strength of at least 10% greater than 
that listed in ASTM B47-95a. The copper content of this neW 
trolley Wire is about 99.90% (With this percentage optionally 
including small amounts of silver) and can be alloyed With 
various knoWn alloying ingredients, such as silver, 
cadmium, magnesium, manganese, tellurium, chromium, 
Zirconium titanium or tin. Preferably, the neW copper trolley 
Wire has a relatively ?ne grain siZe, generally not exceeding 
about 0.040 mm, Which can be achieved through the manu 
facturing method disclosed herein. The copper trolley Wire 
of this invention also has improved properties, as compared 
to the copper trolley Wire in ASTM B47-95a, in the areas of 
ductility, yield point, hardness, and creep, While maintaining 
high conductivity. The neW copper trolley Wire of this 
invention has the same or better conductivity (also knoWn as 
resistivity) as in ASTM B47-95a. 

Also, this invention includes a cost effective method of 
manufacturing the improved copper trolley Wire. Generally, 
the neW method of making copper trolley Wire utiliZes a hot 
Working step in addition to the knoWn methods of cold 
Working. KnoWn methods also use an annealing step to 
recrystalliZe the copper trolley Wire. HoWever, the neW 
method of this invention Works the copper trolley Wire While 
generating heat, and thus a heating (or annealing) step is not 
necessary to the method. Without being bound by any 
theory, it is believed that the neW method Which uses hot 
Working, also referred to herein as conforming or extrolling, 
advantageously reduces the grain siZe of the copper trolley 
Wire prior to the cold Working steps. This is not to say that 
annealing cannot be used in conjunction With this invention. 
HoWever, the method of this invention preferably excludes 
annealing as a separate step in the process of making the neW 
copper trolley Wire disclosed herein. 
More speci?cally, this invention provides a method for 

making copper trolley Wire comprising the steps of continu 
ously casting a copper rod of about 99.90% copper, con 
forming the copper rod to arrive at a coil of Wire, cold 
Working the coil of Wire to the desired dimension, optionally 
annealing the cold Worked Wire at knoWn industry tempera 
tures and cold Working the Wire again to a ?nal desired 
dimension. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photomicrograph of the transverse cross 
section of the neW copper trolley Wire, shoWing the ?ne 
grain siZe, at 100 x. 

FIG. 2 is a process How diagram of the neW process to 
manufacture the copper trolley Wire of this invention having 
improved mechanical properties. 

FIG. 3 is a graph comparing the tensile strength of the 
copper trolley Wire of this invention as compared to copper 
trolley Wire made by standard commercial methods. 

FIG. 4 is a bar graph shoWing the increased tensile 
strength of various siZes of the neW copper trolley Wire as 
compared to copper trolley Wire made by standard commer 
cial methods. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The neW copper trolley Wire of this invention is a Wire that 
generally complies With the dimensions set forth in ASTM 
B47-95a. More preferably, the trolley Wire is grooved cop 
per trolley Wire. The dimensions of the neW Wire can vary in 
accord With the ASTM standard. 

The copper trolley Wire is comprised mostly of copper. 
The copper content is about 99.90% by Weight. The copper 
may be alloyed With knoWn alloying agents, including silver, 
cadmium, tellurium, titanium, magnesium, manganese, 
chromium, Zirconium or tin. The total amount of alloying 
agents should not exceed 0.10% by Weight. The alloying 
agents should be employed in a manner that does not 
adversely affect the conductivity of the Wire. 

The copper trolley Wire of the invention has a tensile 
strength much improved over that of the ASTM standard. 
This neW copper trolley Wire has a tensile strength of at least 
10% greater than that required for silver bearing copper 
trolley Wire listed in ASTM B47-95a, Tables 1 and 2. 
Preferably, the tensile strength is at least 12% greater than 
that required for silver bearing copper trolley Wire listed in 
ASTM B47-95a. More preferably, the tensile strength is at 
least 15% greater, and most preferably at least 16% greater 
than the tensile strength for silver bearing copper trolley 
Wire listed in ASTM B47-95a, Tables 1 and 2. For example, 
a copper trolley Wire of this invention having an area of 
300,000 cmils has a tensile strength of at least 54,000 psi, 
Which is about 12.5% above the standard speci?cation. In 
practice, a 300,000 cmil Wire of this invention has a tensile 
strength of about 56,000 psi, Which about 16.6% greater than 
the standard speci?cation. The tensile strength is measured 
by methods knoWn to those skilled in the art, speci?cally, 
ASTM E8-96. 

Other properties of the copper trolley Wire of this inven 
tion that are improved over the Wire in ASTM B47-95a 
include ductility (or elongation), yield strength, hardness 
and creep. Ductility is measured in accordance With ASTM 
E8-96. Yield strength is measured in accordance With ASTM 
E8-96. Hardness is measured in accordance With ASTM 
E18-94. Creep is measured in accordance With ASTM 
E139-95. The electrical conductivity is measured in accord 
With ASTM B193-95. In particular, the electrical conduc 
tivity of the copper trolley Wire of this invention is at least 
that of the Wire speci?ed in ASTM B47-95a, Which may be 
referred to as resistivity. 

The grain siZe of the copper trolley Wire of this invention 
is measured in accord With ASTM E112-95. The grain siZe 
is measured after the conforming step and is relatively ?ne 
and uniform throughout the microstructure. The grain siZe 
should not exceed an average diameter of 0.040 millimeters 

Preferably, the grain siZe should not exceed an 
average diameter of 0.035 mm, and most preferably, 0.025 
mm. FIG. 1 is a photomicrograph of the neW copper trolley 
taken at 100 X magni?cation Wire shoWing an average grain 
siZe diameter of about 0.025 mm. 

The copper trolley Wire of this invention is manufactured 
generally by continuous casting a copper rod, conforming 
the copper rod into a Wire, and cold Working the Wire to 
obtain a ?nal product. This general process is depicted in 
FIG. 2. More preferably, the process is comprised of casting 
a copper alloy including 99.90% by Weight copper With 
additions of silver at a minimum of 8 OZ per short ton to a 
maximum of 50 OZ per short ton; then continuously or 
semi-continuously casting the copper alloy into a Wire form; 
the copper alloy cast Wire is then conformed, e.g., copper 

4 
alloy cast Wire is hot Worked via continuous or semi 
continuous extrusion to obtain the desired grain siZe; and the 
hot Worked alloy is subsequently cold Worked to a desired 
?nal dimension. 

5 The method of manufacturing is shoWn generally in FIG. 
2. As shoWn in FIG. 2, the ?rst step 1 is preferably to 
continually cast copper into a round rod. The second step 2 
is to conform the round copper rod, Which reduces the siZe 
of the rod. The last step 3 is to cold Work the copper rod by 
draWing it through dies at about room temperature to 
achieve the ?nal desired rod siZe. A minimum of 65% cold 
Work is performed folloWing the conforming or extrolling 
step to achieve the improved tensile strength. 

10 

This method of manufacturing results in a reduced cross 
sectional area When comparing the area of the ?nal Wire to 
the area of the Wire after the conforming step. The Wire of 
this invention has a cross sectional area of reduced by about 
65% from the Wire area after conforming. Preferably, the 
cross sectional area is reduced by at least 65%, and more 
preferably by at least 75%. 

The steps of continuous casting, cold Working and anneal 
ing are Well knoWn in the industry to those of skill in this art. 
AvitZur, Handbook of Metal Processes (John Wiley & Sons 
1983) describes cold Working and annealing in chapters 3—5, 
and is incorporated herein by reference for its teachings. 
Continuous casting is also Well knoWn in the industry to 
those of skill in the art, a discussion of Which is included in 
AvitZur. 

Conforming, also knoWn as extrolling, is generally 
knoWn, but not in the ?eld of copper trolley Wire. For a 
description, see AvitZur, pp. 221—227, Which is incorporated 
herein by reference. More preferably, conforming is 
employed in the inventive process Without an annealing 
step. The bene?ts of applying conforming to copper trolley 
Wire is shoWn in FIG. 3. FIG. 3 is a comparison of copper 
trolley Wire prepared by knoWn industry methods to the 
inventive copper trolley Wire made With the conforming step 
and Without an annealing step. FIG. 3 shoWs that higher 
tensile strengths can be achieved With this inventive method, 
as compared to the industry standard. 
The folloWing is a description of test results for the 

properties of copper trolley Wires made according speci?c 
examples of the present invention, along With the properties 
of copper trolley Wires from ASTM B47-95a. The copper 
trolley Wire of the present invention Were manufactured in 
the folloWing manner, as depicted in FIG. 2. For these 
examples, copper Was continuously cast into a round rod 
With a diameter ranging from 22 mm to 32 mm. The rod had 
a purity of 99.90% minimum copper. During casting, the rod 
Was alloyed With silver up to 0.10%. The continuous cast rod 
Was then put through an extrolling process Which reduced 
the siZe of the rod to a diameter ranging from 19 mm to 28 
mm. Typical characteristics and properties of the extrolled 
rod include: 

A tolerance of +/—1% of the speci?ed diameter; 
A hardness of 50 maximum of the RockWell F scale; 
A grain siZe of 0.040 mm maximum; 
A tensile strength of 31,000 psi to 35,000 psi; 
A minimum elongation of 40%; 
A minimum electrical conductivity of 100% IACS @ 20° 

C.; and 
A clean, bright, smooth surface. 

5 The extrolled rod Was then cold draWn through a series of 
round dies, except that the ?nal die had the shape (round or 
grooved) of the required trolley Wire product. The Wire Was 
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draWn through dies either individually or though a series of 
successive dies. The area of the Wire is reduced 15% to 30% 
through each die, reducing the siZe of the Wire and thereby 
increasing the tensile strength. A minimum of 65% cold 
Work is performed folloWing the eXtrolling operation to 
achieve the improved tensile strength. 

These copper trolley Wires Were then tested for their 
tensile strength and compared to the tensile strength of 
copper trolley Wires made by standard commercial methods. 
The results of this comparison are shoWn in FIG. 4. The 
bottom of FIG. 4 shoWs the Wire siZes in cmils and American 
Wire Gauge (AWG). FIG. 4 demonstrates that for each Wire 
siZe the tensile strength increased at least 10% using the neW 
process. 

Acomparison of the tensile strength of the copper trolley 
Wire of this invention to the minimum tensile strength 
requirements of ASTM B47-95A also reveals the much 
improved tensile strength of the neW copper trolley Wire. 

Minimum Tensile 
Strength from Minimum Tensile 

ASTM B47-95a for Strength of 
Wire Size Area Silver Bearing Inventive Wire 
(cmils) Copper (psi) (psi) 

350,000 44,600 51,000 
300,000 48,000 54,000 
211,600 (4/0 AWG) 51,300 57,000 
167,800 (3/0 AWG) 52,700 58,000 
133,100 (2/0 AWG) 53,000 59,600 

In addition to improved tensile strength of the copper 
trolley Wire of this invention, other properties of the copper 
trolley Wire are improved in comparison to standard industry 
copper trolley Wire. For eXample, a copper trolley Wire of 
this invention having a siZe of 300,000 cmils Was found to 
have the folloWing properties: 

Property Results 

Tensile Strength 56,000 psi 
Yield Strength 53,000 psi 
Elongation 7.0% 
Hardness 60 Rockwell B 
Electrical Conductivity 99.0% IACS @ 200 C. 
Grain Size 0.025 mm 

Thus, as those of skill in this art Will recogniZe, the 
improvement in properties for the copper trolley Wire of this 
invention is dramatic. 
What is claimed is: 
1. A copper trolley Wire consisting essentially of at least 

99.90% by Weight copper and at most 0.10% by Weight of 
a metal selected from the group consisting of silver, 
cadmium, tellurium, titanium, magnesium, manganese, 
chromium, Zirconium, tin and combinations thereof, and 
having: 
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a tensile strength of at least 10% greater than that required 

for silver bearing copper trolley Wire listed in ASTM 
B47-95a; and 

electrical conductivity at least as great as that listed in 
ASTM B47-95a. 

2. The copper trolley Wire of claim 1 Wherein the tensile 
strength that is at least 15% greater than that required for 
silver bearing copper trolley Wire listed in ASTM B47-95a. 

3. The copper trolley Wire of claim 1 having a grain siZe 
that does not exceed an average diameter of about 0.040 
mm. 

4. The copper trolley Wire of claim 3 Wherein the grain 
siZe does not exceed an average diameter of about 0.035 
mm. 

5. The copper trolley Wire of claim 1 Wherein said metal 
is silver. 

6. Copper trolley Wire consisting essentially of at least 
99.90% by Weight copper and at most 0.10% by Weight of 
a metal selected from the group consisting of silver, 
cadmium, tellurium, titanium, magnesium, manganese, 
chromium, Zirconium, tin and combinations thereof, and 
having: 

a tensile strength of at least 10% greater than that required 
for silver bearing copper trolley Wire listed in ASTM 
B47-95a; 

ductility at least as great as that listed in ASTM B47-95a; 
and 

electrical conductivity at least as great as that listed in 
ASTM B47-95a. 

7. The copper trolley Wire of claim 6 Wherein said metal 
is silver. 

8. Copper trolley Wire consisting essentially of at least 
99.90% by Weight copper and at most 0.10% by Weight of 
a metal selected from the group consisting of silver, 
cadmium, tellurium, titanium, magnesium, manganese, 
chromium, Zirconium, tin and combinations thereof, and 
having. 

a tensile strength of at least 10% greater than that required 
for silver bearing copper trolley Wire listed in ASTM 
B47-95a; and 

electrical conductivity at least as great as that listed in 
ASTM B47-95a; said Wire being made by a process 
comprising: 
a) casting a copper rod consisting essentially of at least 

99.90% by Weight copper and at most 0.10% by 
Weight of a metal selected from the group consisting 
of silver, cadmium, tellurium, titanium, magnesium, 
manganese, chromium, Zirconium, tin and combina 
tions thereof, 

b) conforming the copper rod, and 
c) cold Working the copper rod into a coil of Wire. 

9. The copper trolley Wire of claim 8 Wherein said metal 
is silver. 
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